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BOTANY

LIGHT REFLECTIVITY AS AN INDEX OF
CHLOROPHYLL CONTENT AND PRODUCTION
POTENTIAL OF VARIOUS KINDS OF VEGETATION
J. R.

BRAY

University of Toronto

J.E.

SANGER

University of Minnesota, Minneapolis

INTRODUCTION. As a part of the study, "Energy relations of terrestrial
ecosystems," being carried on at Cedar Creek Natural History Area,
and generously supported by the Hill Family Foundation, the University of Minnesota, and the National Research Council of Canada,
an attempt was made in the summer of 1960 to discover the relationship between the chlorophyll content of various plant communities
and the visible albedo, that is the ratio of the amount of light reflected
from the landscape to the total amount falling upon it.
·
In 1958 a highly significant correlation (r = + .89, p = < .001)
between chlorophyll content of annual herbaceous communities and
the yearly production of above-ground matter was revealed (Bray
1960). Those stands with the greatest annual accumulation of dry
matter were found also to contain the greatest weight of chlorophyll.
On the basis of these data it was suggested that chlorophyll content
could very well be a feasible index for ascertaining net productivity.
Direct measurement of the chlorophyll load displayed by various
kinds of vegetation per unit area of landscape, however, is a timeconsuming and tedious process. It would seem logical, if albedo could
be used as an index of chlorophyll content, that it, in turn, might
also be a practicable index of net productivity. To test this hypothesis,
light readings were taken over the same plant communities studied
in 1957 by Bray, Lawrence and Pearson (1958) and in 1958 by Bray
(1960) as well as over several additional communities and unvegetated sand surfaces.
Methods: To establish a standard with which to compare albedo
from landscape surfaces supporting various vegetations, readings
were taken beginning in mid-June over a dry sand road which served
as the best natural example of unvegetated, nearly organic-free,
glacio-fluvial sandy soil of the area. Measurements were also made
from very recently plowed, but already dry-surfaced upland fields
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containing an average_ amount of organic matter for the area. Albedo
was then ascertained for veg~tated areas including a graded series from
recently abandoned crop land to successionally advanced old field
grasslands, xeric to mesic savanna stands, open and closed-canopy
oak, Quercus, woodlands to mixed forests, chiefly of oak and pine.
Measurements were also made of field crops including corn, Zea
mays, and rye, Secale cereale, as well as hydric communities of wild
rice, Zizania, and cat-tail, Typha. Measurements were made with
three model 756 Weston photometers calibrated to read as high as
12,000 foot candles. Readings were taken from the old field grasslands and sand road at random points with the paddle of the light
meter, which contained the photoelectric cell, held 1.5 meters from
the soil surface for both up and down readings. In the preliminary
measurements of albedo from field crops, a ten foot wooden step
ladder was utilized and in some forest stands a seventy-two foot magnesium alloy extension ladder protruding six feet above the canopy
was employed. In early August, all stands, with the exception of the
previously harvested Secale cereale, were then remeasured by pointing
the light meter paddle downward from a helicopter. In this case
simultaneous readings of incoming visible radiation were made from
the ground by directing upward the paddle of a second and third
photometer of the same type. Readings were taken from seven to ten
meters above the vegetation to avoid disturbance of leaves by the
downdraft of the helicopter rotor blades. As many readings as possible, with a minimum of ten, were taken over each stand on days
chosen to represent various kinds of weather. The clearest day,
August 4, provided the most useful data.
Results and Discussion: In columns A to D of Table 1 are presented
albedo data collected on August 4 from the helicopter, along with
chlorophyll content and annual accumulation of dry matter in the aerial
portion of the vegetation per unit area of landscape, and the mean
maximum height of the dominant plants. It will be noted that the order
of listing of the kinds of surfaces is based on successively lessening
ability to reflect light, as shown by the progressively lower albedo
values in percents of visible insolation in column A from 8. 7 for barren
mineral soil and 5.3 for the sparsest vegetation of the early old field
grassland stage to 2.2 for the densest forest. For the vegetated surfaces
this is a relative difference represented by the ratio of 1 to 2.4 as may be
seen in column a. The chlorophyll content values in grams per square
meter of column B, on the other hand, range from a value of 0.05
for the sparsest to 2.01 for the densest vegetations of the measured
series. This relative difference is represented by a ratio of 1 to 40,
in column b.
Next let us examine the annual production values of column C.
These will be seen to range from 157 for the least productive to 864
and 944 grams per square meter for the most productive. In relative
terms these differences are represented by ratios of 1 to 5 .5 and 1 to
6.0, as shown in column c.
If now the mean maximum height values of the dominant plants
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TABLE 1. The relation of reflectivity, chlorophyll content, annual net accumulation of above-ground parts, and height of plants of ::I:
til
various vegetated landscapes as compared with reflectivity of unvegetated surfaces shown in columns A-D. In columns
a-d values are related to the most reflective natural community.
ABSOLUTE VALUES

(A)
Albedo on
Aug. 4th as
% of visible
insolation

Mineral sand
Organic sand
Rye (maturing)
Old field
grassland ( early
successional
stage)
Old field
grassland (later
successional
stage)
Maize field
Tall grass
prairie
Wild rice
Oak savanna
(xeric)
Cat-tail
Open oak
woodland
Closed oak
woodland
1

(B)
Chlorophyll
g/m"

(C)
Net production
of above-ground
parts
g/m2

~
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RELATIVE VALUES

(D)
Mean Max.
Height
in
Meters

(a)
Albedo of
Most
Reflective
Natural
Community
div. by other
Albedos

til

c,,

(b)
Chlorophyll

.(c)
Annual
Dry Wt.
Accumulation

(d)
Mean
Max.
Height
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8.7
6.1
6.7
5.3
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0.05
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157

1.2
0.5

1.0

1.0

1.7
1.0

3
1.0
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5.2

0.12

201

0.4

1.0

2

1.3

0.8

4.7
4.2

0.49
0.12

941
224

2.2
0.5

1.2
1.3

IO
2

6.0
1.4

4.4
1.0

3.7
3.0

0.42
0.80

212
336

4.1'

1.4
1.8

8
16

1.4
2.1

8.2

1.21
1.00

944
441

2.43
11.0

1.8
2.5

24
20

6.0
2.8

4.8
22.2

2.01

864

14.l

2.4

40

5.5

28.
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.....
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2.9
2.1

2

2.2

Height data derived from trees only.

2

Only one set of readings over narrow marginal strip

3 Above the muck surface.

THE MINNESOTA ACADEMY OF SCIENCE

are examined in column D, it will be noted that they range from 0.5 m
for the native species of grasses to 14.lm for the densest forest, a ratio
of 1 to 28.
In columns a to d at the right of Table 1 are presented relative
values for albedo, chlorophyll content, annual dry weight accumulation and mean maximum height. Instead of presenting the relative
albedo values in their original descending order, the values have been
made to ascend as do the values of the other columns by dividing the
less reflective surfaces by the most reflective natural community, old
field grassland. This makes it more readily possible to compare relationships directly among the columns. It will be noted that the relative chlorophyll expressed in column b represents a numerical spread
seventeen times greater than that for the relative albedo expressed in
column a. The relative values for annual dry weight accumulation
in column c have a difference approximately two times greater than
the relative albedo, and the relative mean maximum height values
given in column d have about a twelve times greater numerical spread
than the relative albedo. These differing spreads indicate the importance of extreme accuracy in measurement of albedo for estimating
indices of productivity, such as: chlorophyll content, annual dry
weight accumulation, or mean maximum plant height.
The correlation between the yearly production of above-ground
matter and the chlorophyll content of all vegetation sampled in the
Cedar Creek area, including arboreal and herbaceous stands of both
· upland and lowland communities is (r = + .82, p = <.01). There is
also a significant rank correlation (r= -.92, p = <.02) between
albedo and net productivity indicating that the use of albedo as an
index of net productivity can be feasible within conditions discussed
in the following paragraph.
Within the limits of our present knowledge the correlation between
albedo, chlorophyll content and net productivity applies particularily
to upland stands with complete vegetation cover. Care must be taken
when considering the albedo of field crops where much of the area is
exposed soil surface which, especially when dry, would generally tend
to increase the amount of reflectance. There are indications that a
similar correlation also may exist for aquatic communities, but data
are insufficient at this time for a conclusive demonstration. Albedo
readings are comparable only when taken at times of equal solar altitude under uniform atmospheric conditions, preferably complete lack
of clouds. It must also be noted that the correlation between net productivity and albedo is meaningful only until the open forest stage is
reached at which point there is apparently no further decrease in
albedo. As the forest canopy thickens with increasing density of trees,
and hence an increase of chlorophyll per unit area, albedo remains
essentially the same.
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